Harvested porcine mitral xenograft fixation: impact on fluid dynamic performance.
Recent developments suggest that stentless bioprosthetic mitral valve heterografts should be considered in order to optimize valve hydrodynamics. The fixation process alters the mechanical properties of tissue. This study investigates the changes in mitral valve morphology and hemodynamic performance following fixation. Porcine mitral valves were excised and attached to a physiological annular ring. Mitral valve function was studied in vitro with a rigid transparent left heart model, allowing transverse and sagittal views. Initial experiments were performed with fresh valves under physiological conditions. Three different papillary muscle positions were used, and each was recorded. After glutaraldehyde fixation, genipin fixation, and cryopreservation, the valves were re-studied while maintaining cardiac output. Performance characteristics before and after fixation were obtained from hydrodynamic pressure and flow data, high-speed video camera, digital video, Doppler ultrasound, and three-dimensional papillary muscle force measurements. Morphology changes were detected by detailed anatomic measurements of the valves before and after fixation. Valve length was reduced by 18.5% after fixation with genipin (p <0.001), but not with glutaraldehyde. Cryopreserved valves showed no statistically significant changes in morphology or hydrodynamic performance after preservation. The forward flow opening area was reduced by 12.2% (p <0.001) after glutaraldehyde fixation, and by 32.3% (p = 0.004) after genipin fixation. Thus, maximal forward flow velocity was increased by 33.3% (p = 0.008) after glutaraldehyde fixation and by 52.8% (p = 0.001) after genipin fixation. The flow acceleration was consistent with a funnel shape of the fixed valves causing important flow contraction beyond the orifice (vena contracta). The papillary muscle force increased with apically posterior papillary muscle displacement by 20.4% (p = 0.001) and 101.5% (p <0.001) after glutaraldehyde and genipin fixation, respectively, and total regurgitant volume was increased by 91.6% (p <0.001) and 117.3% (p <0.001), respectively. The work required by the heart simulator to maintain a constant cardiac output at constant vascular resistance increased by 24.2% (p = 0.003) and 34.2% (p = 0.004) after glutaraldehyde and genipin fixation, respectively. The present study shows that chemical fixation of porcine mitral valves adversely affects the hemodynamics of the valves, increasing overall workload. The effects were more severe after fixation with genipin than with glutaraldehyde. This suggests the need to explore other fixation agents to optimize valvular cardiac function. Cryopreservation had no detrimental effects on valvular hemodynamic performance.